ABSTRACT: Landfill disposal of a fertilizer manufacturing waste product was associated with a die-off of gulls in New Hanover County, North Carolina. An estimated 250 herring and ringbilled gulls were found dead at the site following the initial disposal of this material. Chemical analyses revealed that the fertilizer waste contained predominately calcium (12.0 to 22.2%) and nitrite (3.0 to 15.2%). Contents of the proventriculi and gizzards of dead gulls also contained calcium (3.0 to 10.9%) and nitrite (1,730 ppm). Fertilizer waste administered orally to 16-dayold domestic turkeys resulted in acute, progressive signs of depression, respiratory distress, pallor, convulsions and death. The mean percentage methemoglobin in blood from convulsing turkeys (90.6) was significantly increased from that of normal control turkeys (3.6). The ante-mortem signs and increased blood methemoglobin concentrations in the experimental turkeys support the conclusion that the toxic principle in the fertilizer waste' was nitrite, and that nitrite poisoning was the cause of the die-off of gulls.
INTRODUCTION
Nitrite poisoning produces a syndrome of anemic anoxia, respiratory distress, and death that is well documented in domestic livestock (Blood et al., 1979) , but there are few reported cases in avian species. Guberlet (1923) recorded deaths of domestic chickens given feed accidentally supplemented with potassium nitrate (saltpeter). Kaemmerer (1965) documented the toxicity of nitrite-containing fertilizer to chickens and goslings following experimental oral administration. Strnad and Persin (1983) studied the effects on pheasants of nitrates and nitrites in drinking water.
This paper describes the cooperative investigation of a die-off of gulls associated with landfill disposal of a nitrite-containing fertilizer waste. This is the first reported occurrence of nitrite poisoning of free-living birds.
MATERIALS AND METHODS

Die-off Investigations
Investigations of gull mortality in New Hanover County, North Carolina, originated from two independent sources. On 5 January 1984, Received for publication 14 December 1984.
personnel at a county landfill notified the county environmental specialist (CES) that there were an estimated 250 dead gulls on the site. The CES notified the North Carolina Marine Resources Center and North Carolina Wildlife Resources Commission, and began an investigation at the landfill.
The CES found that the only special waste (industrial waste requiring a permit for disposal) delivered to the landfill within the previous 48 hr was 6.8 cubic meters of calcium nitrite.
Landfill records indicated that this material was a fertilizer manufacturing waste product, delivered for the first time 4 January 1984. The CES performed necropsies on thirteen dead gulls and found small quantities of a greyish-white material in the proventriculus and gizzard of each bird. Two samples of this material contained 3.0 and 10.9% calcium (analysis by Law and Company, Wilmington, North Carolina 28402, USA).
A second load (6.8 cubic meters) of fertilizer waste was delivered to the landfill 20 January. Numerous gulls were observed feeding on this material, but none showed any immediate signs of illness. However, 40 dead gulls were found at the landfill the following day. Two samples of fertilizer waste collected from this delivery contained 16.5 and 22.2% calcium (analysis by Law and Company, Wilmington, North Carolina 28402, USA). The manufacturer reported that a prototype sample of calcium nitrite fertilizer waste contained 14.5% calcium (analysis by Law and Company, Wilmington, North Carolina 28402, USA).
The CES concluded that the calcium-containing material found in proventriculus and gizzards of dead gulls resulted from ingestion of the calcium nitrite fertilizer waste. He then ordered any future deliveries of calcium nitrite fertilizer waste to be buried immediately after arrival at the landfill. By 7 March 1984, nine more loads of fertilizer waste were delivered to the landfill. Initial attempts to prevent gulls from ingesting this material were only partially successful. The CES reported that approximately six gull deaths occurred at the landfill per load (6.8 cubic meters) of fertilizer waste delivered. C P & L biologists were requested to submit additional gulls for diagnosis, and the U.S. Fish and Wildlife Service (USFWS) was notified. Four dead gulls from the C P & L cooling reservoir were submitted 16 February to the Rollins Animal Disease Diagnostic Laboratory and SVM. These gulls were females, either nonbreeding or sub-adults. Again, necropsy and routine diagnostic tests did not determine the cause of death. Proventriculus and gizzard contents were saved for toxicologic analysis.
On 17'February, a USFWS resource contaminant assessment biologist and C P & L personnel visited the reservoir. Thirteen dead gulls were collected along the shore of the cooling reservoir. Gull flight patterns were traced from the reservoir for 4 km to the county landfill where the die-off apparently originated. A cooperative exchange of information began at that time which contributed to a rapid understanding and resolution of the problem.
Three dead gulls collected 17 February were examined at the USFWS National Wildlife Health Lab (Madison, Wisconsin 53711, USA). Two birds were female ring-billed gulls; one was a nonbreeding adult, the other a sub-adult. The third bird was a female sub-adult herring gull. A specific diagnosis was not determined; however, poisoning was suspected.
On 14 March, calcium nitrite fertilizer waste was delivered to the landfill in the presence of personnel from the USFWS, New Hanover County, and NCSU School of Veterinary Medicine. Samples of the material were collected for chemical analysis and toxicity studies. Gulls were observed feeding on the fertilizer waste for approximately 10 min before it was buried. The CES reported that 39 dead gulls were found at the landfill the following day.
Toxicology
A sample of fertilizer waste from the 14 March landfill delivery was divided into two portions. One portion was submitted for chemical analysis ( Woodsen-Tenent Laboratories, Inc., Goldston, North Carolina 27252, USA). The second was dried at 40 C and then ground to a powder. Sixteen-day-old domestic white turkeys were used to study the toxicity and pathophysiology of this material. A preliminary trial indicated that dosages equal to or greater than 2,094 mg/kg (dry weight basis) were fatal to turkeys within 2 hr of oral administration.
Turkeys were identified by wing bands and randomly assigned to control and dosage groups; each group consisted of seven turkeys. They were housed in battery cages with food (Wayne Game Bird Starter, Continental Grain Co., Chicago, Illinois 60606, USA) and water available ad libitum. Turkeys were given an oral bolus of fertilizer waste in doses of 250, 500, l,OOO, 2,000, and 4,000 mg/kg of body weight.
Blood samples (2 ml) were taken from five normal control turkeys and eight experimental turkeys (l,OOO, 2,000, or 4,000 mg/kg dosage groups) with signs of anoxic convulsions. Blood was collected from the brachial vein into EDTA (VenoJect, Terumo Medical Corporation, Elkton, Maryland 21921, USA) and placed on ice.
Within 1 hr of collection, the blood samples were assayed for methemoglobin according to the method described by Fairbanks (1982) .
RESULTS AND DISCUSSION
Chemical analyses of a calcium nitrite fertilizer waste prototype obtained from the manufacturer (Table 1) probit regression curve = 1.79; standard error = 0756). chocolate brown in color, a characteristic poisoning (Rollins Animal Disease Diagnostic Laboratory, Raleigh, North Carolina 27606, USA). Strnad and Persin (1983) found that 15 ppm nitrite in the drinking water of 14-day-old pheasants significantly increased their blood methemoglobin concentrations. Therefore, nitrite appeared to be the most likely toxic principle contained in the fertilizer waste. Turkeys given an oral bolus of fertilizer waste in the 2,000-and 4,000-mg/kg dosage groups developed clinical signs within 45 min. Clinical signs were progressive and included depression, increased respiratory rate, pallor, respiratory distress, and convulsions. Mortality occurred between 1 and 12 hr postadministration. Turkey mortality (no. dead/no. dosed) was 0/7 at 250 mg/kg, 4/7 at 500 mg/kg, 5/7 at 1,OOO mg/kg, 7/7 at 2,000 mg/kg, and 7/7 at 4,000 mg/kg. The dosage producing 50% mortality (LD,,) , calculated by probit analysis (Finney, 1971; Ray, 1982) was 588 mg/kg with a 95% confidence interval of 366 to 882 mg/kg (slope of the sign of increased blood methemoglobin (Fe3+), an inert oxide of hemoglobin (Fe++) that does not function in oxygen transport (Benjamin, 1978) . Mathis et al. (1984) found that normal 5-wk-old domestic turkeys had 3.0 mean percentage blood methemoglobin. The mean percentage methemoglobin in blood from convulsing turkeys was 90.6, and normal control turkeys had 3.6. The mean percentage methemoglobin in blood from these two groups was significantly different ( P < 0.004, Wilcoxon rank sums test).
In general, blood with greater than 60% methemoglobin cannot support life (Fairbanks, 1982) .
In June 1984, the U.S. Fish and Wildlife Service found landfill disposal of the calcium nitrite fertilizer waste in violation of the Migratory Bird Treaty Act, and initially recommended that this material be disposed at a hazardous waste site. However, the New Hanover CES reported that eight loads (54.7 cubic meters) of fertilizer waste had been delivered to the landfill 24 March to 4 June, with no observed gull deaths. Because impact on the gull population had apparently decreased to zero mortality, the USFWS agreed to allow continued disposal of fertilizer waste at the landfill, but requires regular monitoring and reporting of gull activity and mortality to insure that there is no violation of the Migratory Bird Treaty Act. 
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